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The study of systemic autoimmune disease has held the interest 
of many immunologists for two important reasons. First, human 
systemic autoimmune diseases are an important cause of suffer- 
ing and shortening of life. Second, the aberrations that lead to 
autoreactivity against multiple self antigens must hold the keys 
to understanding important aspects of the fundamental basis of 
self-nonself discrimination. 

oybiciiin; uuiuuiuiiuiiiiy is tiicuiai^^vi Lyv^m i^j 

by self-reactive T cells. The availability of human autoimmune sera 
and autoantigen-binding monoclonal antibodies has yielded con- 
siderable insight into the nature of autoantibodies and their binding 
to antigen. More recently, hybridoma technology has extended this 
l^nowledge to immunoglobulin genetics, mostly using autoantibod- 
ies derived from mice. The cellular basis for autoantibody forma- 
tion, especially the participaUon of helper T-lymphocytes in these 
responses, has been much harder to study. In part, this reflects the 
difficulties of investigation in humans, the practical difficulties of 
studying cells versus serum, and the inadequacy of animal models. 
It seems likely that direct autoreactive T-cell injury is an important 
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part of many of the autoimmune diseases discussed below, but cur- 
rently there is a poor understanding of the specificity and the reg- 
ulation of T cells mediating systemic autoimmune disease. 

A large number of potential etiologies have been put forth to 
explain systemic autoimmune disease. It seems unlikely that a sin- 
gle explanation is adequate to account for the diverse phenomena 
described in this chapter, yet there are conunon issues regarding 
self-reactive immune responses, regardless of the inciting causes. 
The comments regarding overall mechanisms of autoinmiune dis- 
ease may not apply to all diseases or models, but are intended to 
place systemic autoreactivity into the context of basic immunology 
and to focus future thought about mechanisms. 

GENERAL CONSIDERATIONS 

Systemic autoimmunity encompasses autoimmune conditions in 
which autoreactivity is not limited to a single organ or organ sys- 
tem. This definition would include systemic lupus erythematosus 
(SLE), systemic sclerosis (scleroderma), rheumatoid arthritis 
(RA), chronic graft-versus-host disease (GVHD), and the various 
forms of vasculitis. A truly satisfactory definition is elusive; the 
demonstration of autoimmunity as a cause of disease is difficult 
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and requires the replication of disease manifestation by transfer of 
antibody or T-lymphocytes. As these kinds of data are difficult to 
generate, the inference that a disease is autoinunune is made based 
on the presence of autoantibodies and the localization in diseased 
tissue of antibody, complement, and T-lymphocytes. 

In addition to the human diseases, there are many animal mod- 
els that are helpful in testing hypotheses about human illness and 
in gaining insights into fundamental mechanisms; however, some 
models may not be not representative of human diseases. 

Certain features of systemic autoimmune disease stand out as 
clues to the possible etiology. The first is their variable course from 
person to person (or even from inbred mouse to inbred mouse) and 
their tendency to wax and wane in severity over time. In a single 
individual, disease activity can vary from life-threatening to 
asymptomatic, even without medical intervention. This suggests 
the operation of potent forces that can downregulate the autoim- 
mime process. 

A second characteristic of most systemic autoimmune condi- 
tions is the increased susceptibility of the female sex (I). Women 
are at least tenfold more likely to develop SLE, for instance (2). 
The female predominance is also true of most animal models of 
autoimmunity, with a few notable exceptions. Efforts to understand 
the female tendency to develop autoinunune disease have not been 
entirely successful, but hormonal influences play a major role, and 
endocrinologic abnormalities have been described (3,4). 

A third feature of autoimmune disease is called overiap, the 
finding in individual patients of features of multiple" systemic 
autoimmune disease (5). This leads to taxonomic confusion; for 
example, some patients have an autoimmune disease sometimes 
termed mixed connective tissue disease, which has features of SLE, 
scleroderma, and polymyositis (6). 

It seems paradoxical that humans and animals with systemic 
autoimmune disease, despite their high immunoglobulin and 
autoantibody levels, respond pooriy when immunized with exoge- 
nous antigens, as if their immune systems were preoccupied with 
responses to self antigens (7). Cell-mediated inununity is particu- 
lariy impaired (8), possibly reflecting the lymphocytopenia char- 
acteristic of SLE but also seen in other disorders (9). This 
immunosuppression may be further exacerbated by medical 
efforts to suppress autoantibody formation; infection due to 
immunosuppression is a regrettably conunon feature in patients 
suffering from systemic autoimmune disease (10). 

HISTORY 

To early inunimologists, the notion that autoantibodies or self- 
reactive cellular immunity could ever occur met with considerable 
resistance. It had been observed, for example, that immunization of 
animals with mixtures of self and foreign erythrocytes elicited anti- 
body only against blood firom other individuals. Ehrlich and others 
proposed that the consequences of the formation of self antibodies 
were so severe {horror autotoxicus) that the immune system strin- 
gently prohibited its occurrence (11). Although investigators as 
early as Donath observed clear evidence of anti-self agglutinins, 
acceptance of the concept that autoantibodies could cause immune 
injury came from the convincing experiments of Harrington in 
human idiopathic thrombocytopenic purpura (ITP) (12), in which 
the profoundly low platelet counts of the ITP patients were repro- 
duced in the investigator and his colleagues by transfer of patient 
serum; and from the pioneering work of Rose and Witebsky in rab- 
bit experimental thyroiditis (13). An important intellectual figure 



of the era was P.M. Burnet, who extended the clonal seleciion the- 
ory to postulate the elimination of self-reactive antibody-producui* 
cells (14). ' 

NONPATHOLOGIC SYSTEMIC 
AUTOIMMUNITY 

Autoimmune disease must be distinguished from the mam 
instances of nonpathologic self-recognition by the immune system 
These include the ready isolation of self class 11 reactive TKm- 

* 

phocytes (15) and the existence in normal individuals of low le\ cU 
of autoantibodies to certain self proteins (16). The use of binding 
assays like ELISA further complicates the definition of auioanii- 
bodies, as low-titer, low-affinity autoantibodies can be reatliK 
detected in the sera of normal individuals using almost any ass3> 
system of sufficient sensitivity. Even when threshold values are sci 
to exclude low-titer positives, antinuclear antibodies and rheuma- 
toid factor (RF) are seen in small but significant numbers of nor- 
mal humans (17) and become more prevalent among the aged and 
among hospitalized patients (18). 

Autoantibodies to some self proteins may serve important phys- 
iologic functions. This has been best shown for RF, antibod) 
against IgG. RF is mainly IgM, and a substantial fraction of IgM- 
bearing lymphocytes express this specificity (19). RF levels rise 
promptly after immunization with foreign antigens (20,21), and the 
antibody is commonly observed in the serum of patients wiih 
chronic infections (22). RF probably serves to eliminate immune 
complexes; its affinity for monomeric IgG is low, yet is much 
higher for the multimeric IgG that exists in complexes. The bind- 
ing of RF to complexes very likely expedites their removal from 
the circulation via the mononuclear phagocyte system. 

RF-bearing B cells may also serve an important function in 
presenting foreign antigens, by virme of their binding of anti- 
gen-antibody complexes (23). Mice expressing a human RF trans- 
gene produce little circulating RF; their RF-producing B cells arc 
found in primary B-cell follicles and the mantle zone of secondar)' 
splenic follicles (24). Spleen cells from these RF transgenic mice 
present human IgG antitetanus toxoid immune complexes with 
high efficiency. The resulting wave of T-cell help may sene to 
amplify the immune response, and its subsequent downregulation 
may be related to deletion of many of the RF-bearing cells (25). 

As depicted in Fig. 1, low-affinity IgM antibodies against other 
self antigens have been observed in uninununized animals 
(16,26-30). The function of these specificities is uncertain and 
may include shaping of the repertoire against exogenous antigens. 
The fetal repertoire is rich in such antibodies, which are derived 
from a limited set of VH and VL genes with limited somatic muta- 
tion (31). 

The Bl subset of B-lymphocytes, which in rodents is concen- 
trated in the peritoneal cavity, may have as its primary function the 
production of IgM autoantibodies such as RF (32). In mice, 31 cells 
may be responsible for production of antierythrocyte autoantibodies 
(33), but they are not die source of antichromatin antibodies or RF 
in the Ipr model (34), nor do they produce such antibodies in 
GVHD (35). In SLE, both Bl and B2 cells secrete anti-DNA, but 
high-affinity autoantibody is derived from the B2 cells (36). 

Autoantibodies to idiotypes are another form of nonpathogenic 
humoral autoimmunity. Antiidiotypes arise after immunization 
and have been shown to mediate both negative and positive feed- 
back of humoral responses, in some systems, via regulatory T 
cells (37-39). 
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FIG. 1. The natural autoantibody repertoire in normal mice. Antibodies produced by 11,800 hybridomas prepared 
from splenic B cells of unimmunized 6-week-old A/J mice were screened for reactivity against a panel of autoanti- 
gens and foreign antigens. Note the high frequency of antibodies against nuclear and cytoskeletal antigens. {From 
Souroujon M, White-Scharff ME, Andre-Schwartz J, Gefter ML, Schwartz RS. Preferential autoantibody reactivity of 
the preimmune B cell repertoire in normal mice. J Immunol 1988;140:4173-4179, with permission.) 



murine systemic autoimmunity (45), and this defect may vary with 
disease activity. Cloned autoreactive T cells, on the other hand, are 
associated with induction of disease in some models. They elicit 
lesions typical of the inflammatory skin disease lichen planus (46) 
and are present among the hyperproliferative T cells found in mice 
expressing the Ipr Fas mutant gene (47). Whether such self-reac- 
tive cells are involved in providing help for autoantibody produc- 
tion is unknown. 

ResiHeS anv mlp V>*»lnpr<; T ppIIc mav r\rt\\rr\\rf> r>f»lliilar Jninn^ 

in systemic autoimmunity. In chronic GVHD, CD4- and CD8-bear- 
ing T cells cause inflammatory infiltrates in skin, intestine, and 
elsewhere (48). There is evidence that T cells in systemic lupus are 
spontaneously activated, as judged by increased expression of acti- 
vation antigens (49,50). T-lymphocytes are found in inflammatory 
skin lesions (51) and may be responsible for some of the other non- 
renal manifestations of the illness (52,53). For the most part, how- 
ever, autoimmunity mediated directly by T cells seems to be more 
characteristic of organ-specific autoimmune disease such as exper- 
imental allergic encephalomyelitis (EAE) than it is of systemic 
autoimmune disease. 

Systemic autoimmimity is thus usually mostly a problem of B- 
celi production of autoantibodies, yet the contribution of T cells to 
these autoantibody responses has been difficult to define. Thymec- 
tomy in SLE may lead to exacerbation or remission of disease (54). 
Human immunodeficiency virus (HIV) infection of SLE patients, 
with its depletion of CD4-bearing T cells, results in a remission in 
SLE activity (55,56), supporting a role for a continuing source of 
T-cell help for SLE autoantibodies. 



TOLERANCE AND AUTOIMMUNE DISEASE 

The establishment and maintenance of immunologic tolerance is 
a key feature of the immune system, and is fully discussed else- 
where. The occurrence of autoimmunity may reflect the imperfect 
nature of the tolerance generated in the developing T- and B-cell 
repertoires. Very likely, peripheral tolerance mechanisms are 
required to prevent the emergence of autoimmunity in adult life, 
^'o autoimmune disorders have thus far been shown to involve 
aeiicits in intrathymic tolerance, and autoimmune diseases typi- 
cally do not occur in the neonatal period. 

Data show that intrathymic tolerance is of potential importance 
in establishing tolerance to nuclear antigens (40). B-cell tolerance 
to protein antigens may be abnormal in certain autoimmune dis- 
ease models (41,42). 

It is typical of systemic autoimmune disease, that, rather than a 
global loss of tolerance, there is a selective autoimmune response 
*J"rected primarily against intracellular autoantigens, and especially 
against components of the nucleus (43). 

Role of T cells in Systemic Autoimmune Disease 

It »s not difficult to find evidence in normals of T-cell autoreac- 
^^'ty to class II major histocompatibility complex (MHC) anti- 
geiis (44). The degree to which this represents autoreactivity to 
^ I peptides, compared with reactivity to the class II MHC mole- 

e Itself, is difficult to determine. Perhaps contrary to expecta- 
*'on. selMa-reactive T cells are less abundant in human and 



1070 / Chapter 33 



Some properties of systemic autoimmune disease strongly sug- 
gest the involvement of helper T-lymphocytes. Autoantibody 
responses are high-affmity IgG responses (57), which appear to 
have undergone affinity maturation, a process that requires T cells. 
The protein antigens to which many antinuclear antigens are 
directed presumably require T-lymphocyte help, as they do not pos- 
sess the repeating determinants characteristic of most T-indepen- 
dent antigens. Some of the treatments for SLE appear to act pri- 
marily at the T cell, e.g., cyclosporine A and cyclophosphamide. 

Even in patients with high-titer autoantibodies, T-cell prolifera- 
tion to nuclear autoantigens has been difficult to demonstrate. 
There are several well-documented examples, however: T cells 
from SLE patients respond to a recombinant form of the SLE-asso- 
ciated ribosomal protein P2 autoantigen. Under the same condi- 
tions, responses to tetanus toxoid are poor, suggesting that the 
autoantigen-specific response occurs despite generalized T-cell 
dysfunction (58). In another report, CD4^ T cells against a recom- 
binant snRNP protein were found in high frequency (1/4,000 — 
1/25,000) but were not seen in normal subjects (59). In contrast, 
snRNP A protein-reactive T cells could be isolated both in normal 
individuals and in patients (60). 

Some of the most extensive work on specificity of T helper cells 
in systemic autoimmunity comes from analysis of clones of SLE T 
cells which provide help for anti-DNA. These cells have charged 
motifs in the T-cell receptor (TCR) CDR3s, presumably promoting 
binding to peptides derived from charged DNA-binding nucleoso- 
mal proteins [high-mobility group (HMG) and histones]^ Anti- 
DNA-specific B cells probably bind to the DNA, bringing along 
the attached proteins, and internalize and process them for presen- 
tation to CD4^ T cells (61). It has been reported that at least some 
SLE T cells that provide help for antinuclear antibody production 
lack both CD4 and CDS and express aP TCRs (62). 

SLE mouse models have allowed in vivo experiments to define 
the role of T cells. Treatment of NZB/NZW mice with anti-Thy 1 
or anti-CD4 prevents autoantibody production and renal disease 
(63). Thymectomy of this strain, on the other hand, exacerbates 
autoimmunity, reflecting complex T-cell interactions early in life. 
In the Ipr model (64), thymectomy prevents disease if done within 
72 hours of birth (65), and antibody depletion of T cells prevents 
both autoantibodies and lymphoid hyperplasia (66). 

Even in these defined genetic models, the precise role of T cells 
and the amount of nonspecific versus specific help for autoantibod- 
ies has been elusive. The T-cell repertoire of NZB/NZW mice, 
despite its content of autoantigen-specific T cells, shows polyclonal 
and not oligoclonal T-cell activation (67). In MKUlpr mice, disease 
fails to develop in animals in which a source of normal T cells is pro- 
vided, but in which Ipr T cells have been depleted, indicating that the 
T ceils provide more than just a passive source of cytokines or non- 
specific help and that they participate actively as helpers for autoan- 
tibody-producing B cells (68). The extreme restriction of the TCR 
repertoire imposed by expression of a TCR p transgene has been 
reported to result in lower autoantibody levels and increased survival 
in MRUlpr mice (69), suggesting again that autoantigen-specific T 
cell help is required for autoantibody production. 

Because the transgenic studies could be confounded by the 
ability of mice to express endogenous a or p chains, MRL//pr 
mice transgenic for both the ot/p chains of a pigeon cytochrome C 
hybridoma have been constructed by breeding the TCR transgenes 
onto TCR a and p knock-out mice (70). These animals expressed 
only the transgenic TCR, yet hypergammaglobulinemia and 
autoantibodies to IgG, DNA, and snRNPs developed despite the 



lack of autoantigen-specific T-cell help. Lymphadenopaihy. rcrul 
salivary, and cutaneous disease were absent, suggesting thai more 
specific T-cell help was required for these manifestations. Thc^ 
studies indicate that both antigen-specific and antigen-nonspccifK 
T-cell help are required for full development of the MKUlpr SLH 
syndrome. In this regard, chimera studies, in which Ipr mice ha\c 
been constructed using congenic donors in which TB inieraciioni 
could be analyzed, have shown that the T help required for auioan- 
tibody production is MHC-restricted; in other words, autoreacii\c 
T cells must share class II MHC determinants with autoreactive B 
cells in order for autoantibody production to occur (71). 

The role of yS T cells has also been evaluated in MKUlpr mice 
by comparing disease manifestations and autoimmunity in mice 
lacking yST cells (72). In the absence of the latter, mice developeJ 
a more severe autoimmune syndrome, suggesting a regulator' role 
for y5T cells. In the converse situation, mice lacking apT cells had 
only an attenuated SLE syndrome, implying that 76 T cells were 
capable of providing significantly less help for autoantibody pro- 
duction than were ap T cells. 

Autoantigen-reactive T cells have been studied in murine mod- 
els. For MRL mice, which are prone to develop antibodies to the 
snRNP complex, snRNP-reactive T cells can be demonstrated in 
draining lymph nodes after immunization with purified snRNPs 
(73). While normal mice can generate T cells reactive to foreiun 
snRNP, only MRL mice and mice expressing certain MHC alleles 
can recognize snRNP of murine origin (74). The ability of normal 
mice to recruit T cells reactive to self antigens after immunization 
with foreign nuclear antigen may reflect epitope spreading. This 
process entails the recruitment of T cells reactive to self peptides as 
a result of the presentation of self antigen by B cells cross-reactive 
with self proteins. 

T cells reactive to overlapping core histone peptides have been 
described in SLE-prone SWRxNZB Fl mice (75). These antigenic 
determinants are apparently protected in intact chromatin, as 
responses to whole histone are not measurable. Interestingly, these 
T-cell antigenic regions of histones overlap with determinants rec- 
ognized by. antihistone autoantibodies, T-cell help for autoantibod- 
ies may also be mediated through T cells with specificity for the 
variable regions of autoantibody molecules. 

NZB/NZW mice develop T cells that recognize peptides corre- 
sponding to the variable regions of anti-DNA antibodies (76). Pre- 
sumably there is presentation to T cells of peptides derived from the 
processing of self immimoglbbulin by B cells. The resulting helper! 
cells can provide autoantibody-specific help, and interference with 
their action has been reported to ameliorate autoimmune disease. 

CD40 ligand (CD40L) may play a critical role in regulating 
autoantibody production in SLE. Expression of this T-cell activation- 
related molecule is increased in SLE patients, especially those with 
active disease, and also appears on some SLE B-lymphocytes (77). 
The latter observation may account for a relative T-independence of 
some SLE antibody formation. Treatment of NZBxSWR Fl mice 
with antibody to CD40L prevents autoimmime disease (78). 
MRVlpr mice that are genetically deficient in CD40L, in contrast, 
develop autoantibodies to nuclear antigen, but these are skewed 
toward the IgM isotype, suggesting impairment of class switching 
(79). Renal disease appears to be diminished in such mice. 

Role of Antigen 

Unlike immime responses arising from deliberate immunization, 
it is not obvious that autoimmunity is initiated or perpetuated by 
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self antigen. Other mechanisms can be conceived, and some have 
been seriously put forth. For instance, the difflise activation of B 
cells by lipopolysaccharide (LPS) leads to limited systemic 
autoimmunity (chiefly IgM antibodies to DNA and RF) and may be 
a good model for the autoimmunity that accompanies certain infec- 
rions [e.g., Epstein-Barr virus (EBV) and mycoplasma (80)], It is 
also possible that aberrations in the web of idiotypes and antiidio- 
types could result in autoimmunity without the need for autoanti- 
gen as immunogen. Yet considerable evidence supports the view 
that self antigens themselves act as immunogens for autoantibody 
responses 

Autoimmunity against nuclear protein complexes such as the 
snRNP spliceosome is directed against multiple components of the 
autoantigen, as might be expected from an immune response to the 
intact particle (81). Analysis of the fine specificity of these 
responses has revealed a ftirther complexity consistent with what 
might be expected from a high-affinity, antigen-driven response 
(82,83). Inmiunization with nuclear antigens, in some cases, may 
result in autoantibody formation and disease (84), although anti- 
gens need to be repeatedly administered in adjuvant, and the com- 
plexity of the resulting autoantibody response is usually much 
reduced. 

Immunization of rabbits and mice with small peptide fragments 
of certain autoantigens has been reported to result in antigen not 
only to the immunogenic epitope, but also to other epitopes on the 
same antigen and even to autoantibodies to other nuclear antigens 
and clinical evidence of SLE (85). This may reflect epitope spread- 
ing (i.e., the recruitment of T cells reactive to additional epitopes 
on the autoantigen). As tolerance usually does not extend to all 
such "cryptic" epitopes, a mechanism that might be capable of 
enlisting progressively more autoreactive T cells might amplify any 
initial breakage of tolerance. The impetus for such responses might 
come from immunization with autoantigens from another species, 
which could elicit T-cell help against bona fide foreign determi- 
nants, along with the generation of antibody against the foreign 
antigen (86). B cells expressing antibody cross-reactive with self 
detemiinants could then selectively take up autoantigens, process 
ihem, and express autoantigenic peptides, including cryptic epi- 
topes. The physical association of many autoantigens, such as Ro 
^d La (87), or the many components of the snRNP complex, could 
lead to further diversification of an autoimmune response initiated 
b>- the breaking of tolerance to only a single autoantigen. For the 
La nuclear antigens, a hierarchy of immunogenic cryptic epitopes 
differing potential for driving a full autoimmune response has 
wn identified using peptide fragments of the intact antigen (88). 

Immunization of animals with mammalian DNA generally does 
rwt lead to autoantibody unless the DNA is complexed to a cationic 
Protem such as methylated bovine serum albumin (89). DNA that 
been damaged by ultraviolet (UV) irradiation or by reactive 
^^■>ger. species is much more immunogenic than unaltered DNA, 
*|nch may be relevam to UV-induced SLE exacerbations (90)! 
• luch mterest has focused on the potential of bacterial DNA to 
activate B cells and provoke autoimmune responses through CpG 
Ws not found in mammalian DNA (91). Exposure to bacterial 

• A also accelerates genetically predetermined autoimmune dis- 
«^ m N2B/NZW mice (92). Although it is possible that microbial 

• A is an immunogen in SLE, the bulk of the small amount of cir- 
^^tjng DNA in SLE has been shown to be of human origin and 
" y tn the form of small complexes bound to histone (93,94). 
»iihT'-^^^ antigens serve as immunogens, how do they interact 

system? The most likely answer is that they are 



released from senescent cells, or are presented on the surface of 
phagocytic cells that have ingested such debris. Cells undergoing 
apoptosis have been shown to express several important SLE 
nuclear antigens (95) and may serve as an important source of 
autoimmunogen. It seems doubtful that the apoptotic cell can serve 
as a competent antigen-presenting cell (APC) for these molecules; 
rather, it seems more likely that specialized APCs would serve to 
present these apoptosis-related nuclear antigens, perhaps the same 
cells that so avidly phagocytose apoptotic cells. 

The elution of peptides firom both class I and class II MHC mol- 
ecules provides ftirther reason to believe that nuclear autoantigens 
are presented to the immune system. Both in rodents and in 
humans, MHC molecules have been found to have peptides derived 
fi-om such nuclear antigens as histone on their cell surfaces, pre- 
sumably through the processing of nuclear debris (96). It is also 
possible that these peptides are derived from autoantigens 
processed fi-om within normal antigen-processing cells using a 
class II pathway, although examples of such "inside out" class II 
processing are uncommon (97). 



Regulatory T-Cell Abnormalities 

Much evidence suggests that T cells can exert a controlling 
influence on the generation of autoantibodies and on the regulation 
of autoimmunity (98). Thymectomy of normal animals, in some 
systems, results in autoimmunity, both systemic and organ-specific 
(99). Nude mice develop autoantibodies and inrmiune complex 
renal disease, and the process can be reversed by adoptive transfer 
of T cells (100,101). These studies imply that regulatory T cells 
may control antinuclear antibody production. In SLE, there are 
multiple reports of in vitro abnormalities of regulatory T-cell func- 
tion both in animals and in humans (102). Much of the suppressor- 
cell literature of the 1970s is now better regarded in light of the cur- 
rent concepts of classification of both helper and cytotoxic cells 
into T helper 1 (Thl), Th2, TCI, and TC2 subsets based on their 
cytokine phenotype (103). It is likely that some of the observed 
phenomena represent the action of cytokines derived fi-om these T- 
helper subsets, for example, interferon-y (IFN-y), interieukin-10 
(IL-10), and IL-4, which have potent effects on the magnitude and 
character of humoral immune responses. 

An important example of perturbation of regulatory T cells is the 
autoimmune and GVHD-Iike syndrome induced by cyclosporine 
treatment of irradiated rats reconstituted with autologous marrow 
(104). While animals become immunocompetent, the T-cell imbal- 
ance brought on by the protocol leads to autoimmune disease. 

Cytokines in Systemic Autoimmune Disease 

A multiplicity of cytokine abnormalities have been associated 
with systemic autoimmune diseases and models. Some occur late in 
illness and are probably not causal, while others may be actively 
involved in regulation and dysregulation of immune responses. In 
general, IL-2 levels and the expression of IL-2 receptors are dimin- 
ished both in human and murine SLE (105) and in several related 
autoimmune disorders (105). Circulating IL-2 receptors may be 
increased, however, in parallel with other circulating receptors 
(106), although assays for these receptors are difficult. Efforts to 
characterize SLE as a Th2 or Th 1 disease based on the phenotype of 
helper cells have met with difficulty, but IL-10 seems to be 
increased in human and murine SLE, along with IL-6. The ratio of 
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IL-IO to IFN-y-secreting cells in SLE peripheral blood is increased, 
implying a predominance ofTh2 cells in the circulation (107). Sup- 
porting the importance of Th2 cells in promoting systemic autoim- 
munity is the observation that some IL-4 transgenic mice develop 
SLE-like antinuclear antibodies, hemolytic anemia, and immune- 
mediated renal disease (108). 

There have been several published surveys of cytokine produc- 
tion in murine SLE models. For chronic GVHD, a Th2 profile has 
been observed (109). For NZB/NZW and MRUlpK however, a 
complex pattern not fitting either Thl orTh2 exists, with increases 
in IL-6, IL-4, and IL-10 (110). Tumor necrosis factor-a (TNF-a) 
may also be increased, and evidence has been published that allelic 
polymorphisms at this locus predispose to SLE (111,112). 



APOPTOSIS ABNORMALITIES IN SYSTEMIC 
AUTOIMMUNE DISEASE 

The realization that the autoimmune and lymphoproliferative 
syndrome of Ipr and gld mice was due to mutations in the Fas 
apoptosis receptor and its ligand led to great interest in the possi- 
bility that impairment of apoptosis might be responsible for other 
autoimmune diseases. Because multiple pathways of apoptosis 
exist, many possibilities exist for potential lesions. In human 
SLE, spontaneous lymphocyte apoptosis appears increased (113). 
Expression of bcl-2 appears to be elevated (1 14), particularly in 
T cells (115). Fas expression is elevated (1 16), contrary to what 
might be expected from murine studies, and apoptosis through 
the Fas molecule is apparently intact (117). The status of Fas lig- 
and (FasL) expression and function is not yet clear for SLE, and 
conflicting data have been presented. It is of great interest, how- 
ever, that an SLE patient with a mutant FasL has been identified 
(118). 

The Canale-Smith syndrome, also known as autoimmune and 
lymphoproliferative syndrome (ALPS), is a rare illness resulting in 
lymphoid enlargement and immune cytopenias (119,120), In a 
number of kindreds, the disorder results from a dominant nonfunc- 
tional Fas molecule. Like Ipr and gld mice, children develop "dou- 
ble-negative" T cells and hypergammaglobulinemia. Unlike the 
murine mutations, however, affected patients rarely develop anti- 
nuclear antibodies or lupus-like renal pathology. It is significant 
that, in the few long-term observations of such patients, an 
increased susceptibility to malignancy has been noted. 

The apoptosis resistance imparted by the mutant Fas molecule in 
Ipr mice has been intensively studied. Thymic selection, as 
reflected by deletion of I-E and mammary tumor virus-reactive T 
cells, is normal in Ipr mice. Nevertheless, there is evidence for 
abnormal thymic T-cell development in Ipr mice, both in intact and 
in transgenic mice. The intense Fas expression on thymic T cells 
(121), however, makes it paradoxical that only subtle thymic selec- 
tion defects are apparent in Ipr and gld mice. 

If thymic deletion is intact, how does the Fas apoptosis defect 
lead to autoimmunity? At least part of the answer is that peripheral 
T-cell tolerance is strongly dependent on the Fas/FasL system, as 
deduced from studies of tolerance in Ipr mice transgenic for a 
pigeon cytochrome-C TCR (122). The imposition of the Fas defect 
on such transgenic mice leads to their inability to achieve tolerance 
in spleen and lymph nodes. Additional support for the idea that it 
is in the periphery that Fas/FasL contribute to tolerance comes 
from the observation that activation-induced cell death is abnormal 
in peripheral Ipr T cells (123). The Fas/FasL interaction appears to 



act as an important mechanism to eliminate errant autorcacm 
postthymic T cells. The delayed development of autoimmunuv q 
Ipr mice probably reflects the gradual appearance and clom! 
expansion of such autoreactive T cells. 

Chimeric ( 1 24) and tetraparental (125) experiments in which l,^ 
T or B cells coexist with cells of normal origin have shown iha/b 
cells must also express the Fas defect in order for autoimmunitv to 
occur; there is direct evidence for defective B-cell apoptosis in Ip, 
and gld mice (126). In vivo studies of tolerance using inmsecnic 
self-reactive antibodies have shown surprisingly little dirfcrcncc 
between Ipr and normal mice. In the HEL-anti-HEL system, mosi 
B6/lpr mice maintain tolerance through early life. A significam 
minority, however, break through and generate autoantibodies ai 5 
months and beyond (42). These findings imply that other mecha- 
nisms can substitute effectively for the Fas/FasL system for main- 
tenance of tolerance. Parallel results are reported for mice with an 
anti-H-2'' transgene: in a conventional facility, most mice mainum 
tolerance (127). When housed in a specific pathogen- free colom. 
however, tolerance is intact, suggesting an important role foi 
microbial influences (see above). 

Of potential importance regarding the relationship of apoptosis 
and autoantibody formation are data showing that SLE-relaico 
nuclear autoantigens such as Ro and La appear in blebs on the 
surface of apoptotic cells (95). These and other observations thai 
SLE serum contains antibodies to proteins expressed in apoptotic 
cells (108) raise the possibility that the process of apoptosis may 
serve to expose autoantigens to the afferent limb of the immune 
system. Impairments of apoptosis, or of the process of rapid 
phagocytosis and disposition of apoptotic bodies, might ser\*e to 
present autoantigens to the immune system and provoke J- and B- 
cell autoreactivity. 

Among the other commonly used autoimmune mouse models, 
apoptosis resistance for NZB, NZB/NZW, and BXSB B cells has 
been reported and may contribute to the expression of disease in 
these models (128). 



ENVIRONMENTAL INFLUENCES ON 
SYSTEMIC AUTOIMMUNITY 

Systemic autoimmune disease may be provoked or exacerbated 
by a variety of environmental agents, including diet, drugs, infec- 
tions, and toxins (129). UV-B radiation can provoke flares of SLE, 
and it is apparent that inflammatory skin lesions are usually limited 
to light-exposed areas. 

The ingestion of certain drugs is cleariy linked to development 
of an SLE-like syndrome (130,131). Unlike spontaneous SLE. 
rena! and central nervous system involvement is rare, and the syn- 
drome resolves after discontinuing the drug. Procainamide, used 
extensively for treatment of ventricular arrhythmias, is the best- 
studied agent provoking drug-induced SLE, but hydralazine, chior- 
promazine, diphenylhydantoin, and many other drugs can also 
cause the SLE-like syndrome, characterized mainly by pleuroperi- 
carditis, arthritis, pulmonary infiltrates, and fever. Only about 10% 
of patients given procainamide develop clinically evident disease, 
but fluorescent antinuclear antibodies appear in the vast majority of 
patients taking the drug for prolonged periods. Antibodies are 
directed mostly against histones, and a distinct specificity and iso- 
type pattern have been reported (132,133). No relationship to pro- 
cainamide acetylator fi-equency governs SLE development. Efforts 
to reproduce the syndrome in animals have been largely unsuc- 
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cessful. It has been proposed that procainamide exerts its action by 
hypomethyiation of DNA, with consequent overexpression of LFA- 
I on T-Iymphocytes, leading to enhanced autoreactive T-cell help 
(134). 

The contribution of infectious agents to systemic autoimmunity 
remains an active area of investigation. It is clear that systemic 
autoimmunity can arise as an immediate consequence of infection 
with EBV and mycoplasma, and probably other viral infections 
(135,136). Antinuclear antibodies arising after infectious mononu- 
cleosis are short-lived and probably are harmless. Systemic 
autoimmunity may also arise during the course of severe microbial 
infections, such as endocarditis and osteomyelitis. Occasionally, 
skin and kidney lesions are seen, probably representing deposits of 
immune complexes, possibly associated with RF(137). 

Vasculitis, discussed in 'detail later, accompanies meningococ- 
cal, rickettsial, spirochetal, smd many other bacterial infections. 
Systemic autoimmunity is also a sometime feature of HIV infec- 
tion and may reflect imbalance of helper-cell subsets (138). Vari- 
ous bacterial superantigens have been implicated in autoimmune 
phenomena, including vasculitis, associated with infections (139). 
Kawasaki disease, caused by an unknown agent, causes a serious 
^-asculitis and alterations in TCR Vp phenotype, suggesting the role 
of a superantigen (140). 

The influence of infection on the development of SLE is unclear. 
NZB mice that are maintained germ-free still develop antierythro- 
c>le autoantibodies (141); however, NZB mice in a germ-free envi- 
ronment developed lower levels of IgG and antinuclear antibodies 
and less renal disease. Immunization of NZB/NZW mice with bac- 
terial DNA accelerates development of renal disease (92), and pris- 
tane-treated mice that are maintained in a conventional colony have 
a higher prevalence of autoantibodies and renal disease than do 
mice maintained in a pathogen-free environment. MRL/Ipr mice, 
m contrast, develop similar levels of autoantibodies when raised in 
germ-free compared with conventional environments. 

Certain toxins are capable of inducing systemic autoimmune 
disease. Mercuric chloride is the best-studied heavy metal associ- , 
ated with autoimmunity. Animals given HgClj develop antinuclear ' 
antibodies and immune-complex nephritis. T cells are required, and 
background genes are important determinants of autoantibody 
specificity (117,142,143). 

Systemic sclerosis and related fibrotic diseases believed to be of 
autoimmune origin may rarely be provoked by toxins. Workers 
exposed to polyvinyl chloride are at risk for a scleroderma-like 
syndrome (144), and an inflammatory and fibrotic scleroderma- 
"ke illness has been linked to the ingestion of rapeseed oil (145). 
An eosinophilic infiltrative disease is caused by a contaminant of 
^tr>T5tophan preparations (146). An area of great controversy has 
t^en the relationship between silicone breast implants and the 
ae^-elopment of scleroderma or other rheumatic diseases. Several 
studies have failed to find a true association (147,148), despite 
anecdotal reports. 



DISEASE^^ SYSTEMIC AUTOIMMUNE 

Susceptibility to SLE is strongly influenced by genetics. In stud- 
« ot Identical twins with SLE, the concordance rate has been 
^ned to be between 28% and 57% (149,150). Multiple genes 
moived m determining SLE susceptibility; even in inbred 
s€ models, the genetics is complex, with as many as 12 genes 



contributing (151). Furthermore, genes that alone do not cause dis- 
ease may interact with other genes to result in disease. For instance, 
neither the NZB nor the NZW parent strains develop renal disease 
or antinative DNA antibodies, yet the Fl hybrid resulting from 
their crossing develops severe SLE-like renal disease and antina- 
tive DNA. The most important NZW genetic contribution to 
murine SLE is linked to the MHC, probably MHC class II genes. 
NZB contributes a chromosome 4-linked gene that is most impor- 
tant for nephritis, but at least seven other genes have been reported 
to contribute. Surprisingly, the chromosome 4 gene determining 
nephritis susceptibility does not affect the levels of anti-DNA, anti- 
histone, and antichromatin (152). 

A study using microsatellite markers to analyze sib pairs with 
SLE defined a region of chromosome 1 linked to disease suscepti- 
bility (153). This region may be syntenic to the region of mouse 
chromosome 1 previously shown to encode renal disease and mor- 
tality in NZB mice. While the region encompassed by these stud- 
ies is large and remains to be defined further, candidate genes 
include those for Fc receptor gamma 2 and 3; previous human epi- 
demiologic studies have shown linkage in blacks of SLE nephritis 
to Fc receptor alleles (154). 

Genetic deficiencies of complement result in increased risk of 
SLE (155). C2-deficient individuals are at greatly increased risk of 
developing SLE, as are those with inherited deficiencies of C8 and 
C5; the inheritance of a C4 null allele is also a risk factor (156). 
MHC influences on SLE susceptibility have been harder to define 
than for RA, insulin-dependent diabetes mellitis (IDDM), and 
other organ-specific autoimmune diseases (157). For North Amer- 
ican blacks, one study found no overall DR association, both asso- 
ciations with subgroups divided according to clinical findings 
(158). For developing the disease-related autoantibodies anti-Ro 
and anti-La, susceptibility appears to be linked both to DR and to 
DQ genes (159). 



NATURE OF THE AUTOANTIBODIES IN 
SYSTEMIC AUTOIMMUNE DISEASE 

With some notable exceptions, the autoantibodies characteristic 
of systemic autoimmune disease are high-titer IgG antibodies 

(160) . The genetic basis of autoantibodies has been best studied in 
mice, where hybridomas have been useful for sequence analysis 

(161) . Several insights have emerged concerning antinuclear anti- 
bodies in NZB/NZW and MRL/lpr mice; within a single mouse, 
anti-DNA and other autoantibodies recovered from hybridomas 
tend to be clonally related (162). For anti-DNA and anti-Sm, there 
is evidence of extensive somatic mutation when sequences are 
compared to germline, and clonal lineages can be deduced (163). 
Many clones show dual reactivity, implying a common ancestry for 
at least part of these specificities (164). The binding site of antinu- 
clear autoantibodies is dictated neither by the VH nor the VL 
hypervariable regions, but usually by a combination of both (165). 
Anti-DNA antibodies may arise from point mutations in the hyper- 
variable regions of antibodies to exogenous antigens (166). For the 
SI 07 response to pneumococcal polysaccharide, a pathogenic anti- 
DNA antibody can arise from just such a mutation (167). It is not 
clear how widespread is this mechanism of diversion of normal 
inmiiine responses to autoimmune responses. 

Enough hybridoma autoantibodies fi-om autoimmune mice have 
now been sequenced that generalizations can be made about VH 
and VL gene use. Although it appeared in early work that there was 
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preferential use of 3' VH genes, there are, at best, only modest 
degrees of bias, and it appears that the VH558 group is the most 
commonly used gene family, as is the case for antibodies to exoge- 
nous antigens (168). 

Extensive epitope-mapping studies have been undertaken for 
many antinuclear antibodies. In most cases, it appears that the anti- 
bodies recognize multiple conformationally dependent, often dis- 
continuous, epitopes of nuclear proteins (169,170). There is a 
predilection for binding to the active site of nuclear proteins; thus, 
the function of certain enzymes and other autoantigens may be inhib-' 
ited by autoantibody-containing sera. Antibodies to RNA are often 
found together with antibodies to the protein components of the 
snRNP particle, as well in sera containing antibody to other RNA- 
bmding proteins (171). Autoantibodies in systemic autoimmune dis- 
ease usually bind with greater avidity to antigen derived ft-om the 
same species, emphasizing their derivation through affinity matura- 
tion and their probable origin from inmiunization with self proteins. 

Isotype switching from IgM to IgG has been observed for some 
but not all autoantibodies. Anti DNA antibodies in NZB/NZW 
mice undergo this process (172), as do certain serial samples of 
human sera. MRL/Ipr anti-Sm sera, however, either switch too 
rapidly for the change to be measured, or are IgG at the outset 
(173). It is of interest that autoantibodies in human and murine 
SLE are mostly of the highly T-dependent IgG (human IgGl, 
mouse IgGa and IgG2a) subclasses, probably reflecting their T-cell 
dependence (174,175). 



It IS not understood v^y certain protein antigens are the t.m . . 
autoantibody formation in systemic autoimmmie di^ai r? ' 
gens are nearly ahvays intracellular or cell surface proieinu R^"* 
prominent exception), and nuclear antigens account for moL ofth! 
autoantigenic taigets. Just why certain nuclear proteins are chl^^ 
IS particularly obscure. It is not a question of abundance T 
mstance, the Ro and U proteins are far from the most abunto 
nuclear protems. yet are characteristic SLE autoantigens ( 1 2 

Attention has been focused on certain aspects of nuclear 
autoantigens. Individuals with autoimmune diseases freque K 
have autoantibodies to multiple components of subcellular pani 
cles, such as nbosomal proteins, nucleoli, or snRNPs ( 1 77) Th • 
suggestive of immunization by the particle itself Autoaniibodu's 
also tend to be directed against nuclear antigens, which are present 
m greater amounts in cells undergoing proliferation. For instance 
prohferatmg-cell nuclear antigen (PCNA), the centromeral pro-* 
terns, and the nuclear mitotic apparatus protein NuMa are present 
m greatly mcreased concentrations during S and G2 phases of the 
cell cycle (178). Perhaps nuclear antigens are more available as 
immunogens at such times. i 

Antinuclear antibody levels can be quite high. In exceptional 
patients. 30% or more of the total antibody repertoire can be 
directed against a single specificity (179). Certain autoantibody 
levels fluctuate with disease activity (antinative DNA is the best 
known example), but in the more usual case, antibody levels are 
fairly constant over time. 
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TABLE 1. Autoantibodies to nuclear proteins in systemic autoimmune disease 



Specificity 



Sm 
RNP 

Ro (SS-A) 
La (SS-B) 
Histone 
Jo-1 
Scl-70 

PCNA (cyclin) 

Alu 

PL-7 

tRNA-1 

RNA polymerase 1 
DNA (native) 
DNA (denatured) 
Centromere 



Antigen recognized 



U1,U2, U4-6 snRNPs 
U1 snRNP 

60-KdtRNA-binding protein 
50-KdaRNA-binding protein 
H1,H2a, H2b. H3 (native) 
Histidyl tRNA synthetase 
DNA topoisomerase I 
DNA polymerase delta 
Signal recogn. particle 
Threonyl tRNA synthetase 
Alanyl tRNA synthetase 

Double-stranded DNA 
Single-stranded DNA 
CENP A, B, C 



Disease association 



SLE 

SLE. MCTD 

SLE. Sjogren's syndrome 

SLE. Sjogren's syndrome 

SLE 

Myositis 

Scleroderma 

SLE 

SLE, myositis 
Myositis 

Myositis, SLE, JRA 

Scleroderma 

SLE 

SLE, RA, inflammation 
Raynaud's syndrome, CREST 



Autoantibodies in SLE and SLE models occur in the midst of 
diffuse polyclonal B-cell activation. Antibodies to haptens, such as 
DNP, and to viral antigens are increased on the order of five- to ten- 
fold (180,181). In contrast, the levels of specific autoantibodies, 
such as antibodies to snRNP, or to Ro and La, are elevated far out 
of proportion to the polyclonal B-cell activation, and are not 
uncommonly thousands- or millions-fold greater than the weak 
binding that might be found in normal control serum (Fig. 2). 

Certain SLE serologic specificities are seen in a variety of 
autoimmune and inflammatory diseases, and do not connote diag- 
nostic specificity. Examples include antihistone and anti-DNA 
antibodies. Other autoantibodies, such as anti-double-stranded 
DNA, anti-Sm, and anti-Ro, are highly specific for the diagnosis of 
SLE and must in some way be linked to its pathogenesis (Table 1). 
Some marker autoantibodies serve as excellent diagnostic corre- 
lates of scleroderma [antitopoisomerase I, or Scl-70 (182)], of 
myositis [antihistidyl tRNA synthetase (183)], or of Sjogren's syn- 
drome (anti-Ro and anti-La). Some of these autoantibodies are 
exquisitely specific for their autoantigens and are hard, if not 
impossible, to generate by deliberate immunization of rabbits or 
other experimental animals (87,184). 

Individual patients with SLE tend to have distinctive profiles of 
autoantibodies that remain stable throughout the course of the ill- 
ness. While the patient-to-patient variability in antibody spectrum 
IS undoubtedly due in part to genetic diversity, it is surprising that 
even genetically homogeneous inbred mice show considerable dif- 
ferences in their autoantibody levels. Inbred mice maintained in the 
same colony under the same conditions have sharp differences in 
their autoantibody specificities. The anti-Sm response of MRL///7r 
may give insight into the genesis of SLE autospecificities. Only 
about 25% of these mice develop anti-Sm, regardless of colony. 
Antibody levels show a true bimodal distribution; that is, anti- 
Sm-negative MRL/lpr mice have negligible amounts of anti-Sm, 
comparable to that of normal mice. When the lineage and microen- 
Mronment of anti-Sm-positive mice were traced, no genetic or 
ervvironmental clustering could explain the appearance of autoanti- 
in certain mice but not others. The occurrence of the anti-Sm 
in only a minority of mice was not due to the use of an 
uncommon V gene, nor to unusual gene rearrangements. These 
MRI /f^' probably apply to antiribosomal P and anti-Su in 
• ^yipr mice, have been interpreted as reflecting stochastic influ- 
fnees on the autoantibody repertoire of individuals. The individual 



variability in the laboratory, and perhaps the clinical manifestations 
of SLE and other autoimmune diseases, may arise from analogous 
poorly understood stochastic influences (185). 

Systemic Lupus Erythematosus 

SLE is a multisystem disorder that most frequently affects young 
women. Arthritis, skin rash, cenft^l nervous system dysfimction, 
and renal disease are the most conrmion clinical manifestations 
(186). The severity of illness has a remarkable tendency to fluctu- 
ate over time, confounding studies of drug treatment. Long-term 
survival is the rule, although there remain considerable morbidity 
and mortality, chiefly fi-om renal disease (10). 

Immunologic interest in SLE dates back to the 1940s, when ele- 
vated gamma-globulin levels were noted, and attention was called 
to marrow tart cells. The realization that the spontaneous neu- 
trophil phagocytosis of nuclear material observed m vivo could 
also be seen in bufify coat preparations from patients, and could be 
induced in normal buffy coat cells by addition of patient serum, 
gave rise to the notion that antibodies to nuclear material were of 
key importance. This led to many investigations of SLE antinuclear 
factors, demonstrated to be IgG, and to the development of a uni- 
versal highly sensitive test for SLE, the fluorescent antinuclear 
antibody test (FANA) (187). More than 95% of SLE patients have 
positive FANAs, and furthermore, that the pattern of fluorescence 
staining was related to the antinuclear antibodies present in indi- 
vidual SLE serum (188). Diffuse staining, for example, was shown 
to be due to antibodies to histones and other DNA-binding pro- 
teins, rim staining to be due to antinative DNA, and a speckled pat- 
tern to reflect antibodies to components of the splicing apparatus, 
such as snRNPs. Some antibodies, detected by more specific meth- 
ods, such as double immunodiffusion or ELISA, are quite specific 
for SLE (anti-Sm, anti-Su, anti-Ro, anti-La, and antinative DNA, 
for example). 

Although SLE is best known for its array of antinuclear anti- 
bodies, antibodies to many other self components are well 
described. With the exception of IgG, the antigens tend to be cell- 
bound (e.g., antibodies to lymphocytes, platelets, erythrocytes, 
neutrophils, and basement membranes). In the case of IgG and 
clotting factors, it is possible that the true autoantibody target is 
cell-bound, in the form of immune complexes or of activated clot- 
ting factors. 
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FIG. 3. Clinical course of a patient with systemic lupus erythematosus. Note the "mirror image" pattern of levels of 
anti-DNA antibodies and hemolytic complement (CH50) in the serum. Exacerbations of the disease (vertical arrows) 
coincide with increased levels of anti-DNA antibodies. 



Despite the wealth of information regarding SLE autoantibodies, 
it is useful to realize that only a few are implicated in disease 
pathogenesis. SLE renal disease has been attributed to DNA-anti- 
DNA complexes trapped in glomerular endothelium and epithe- 
lium, presumably triggering complement-mediated vascular injury 
and inflammation (189). This mechanism is supported by a corre- 
lation between anti-DNA levels and active renal disease when 
patients are followed serially, by an inverse correlation with circu- 
lating complement levels (Fig. 3) and by the finding of concen- 
trated DNA-anti-DNA complexes in eluates from SLE glomeruli 
(190). Even for renal disease, however, studies supporting such 
immune-complex involvement for all histopathologic types are 
conflicting. 

Although, presumably, nonrenal manifestations of SLE are 
autoantibody-mediated, few mechanistic data exist, except for the 
various cytopenias, for which an immune basis is well supported. 
Inflammatory skin disease (Fig. 4) appears to be T cell-mediated, 
although antibodies to Ro and La may be of importance (191). 
Infants bom to SLE patients occasionally have thrombocytopenia 
and lesions Pj^ical of subacute cutaneous SLE, together with the 
Ro and La antibodies typical of this condition (192). Transplacen- 
tal passage of IgG autoantibodies from mother to fetus explains the 
infant disease, as well as its spontaneous resolution, which is coin- 
cident with the disappearance of maternal antibody Presumably, 
the heart block often seen in infants bom to anti-Ro-positive moth- 
ers is also mediated by antibody that damages the developing car- 
diac conduction system. 

Several other SLE manifestations have been difficult to relate to 
immune processes. Central nervous system involvement can lead 
to psychosis, seizures, and debilitating neurologic deficits (193). 
Nervous system tissue from affected patients is usually devoid of 
immunoglobulin deposition or evidence of cellular infiltration, the 



only usual finding being microvascular changes. Immunologic 
studies of arthritis and of pleural and pericardial inflammation are 
few, and an immune basis can be only presumed. 

Rheumatoid Arthritis 

RA is a common chronic inflammatory polyarthritis of worldwide 
distribution, with a female predominance of 3:1 and a peak onset in 
the fourth decade of life. Intense inflammation occurs in synovial 
joints, so that the normally delicate synovial membrane becomes 
infiltrated with mononuclear phagocytes, lymphocytes, and neu- 
trophils (194). An inflammatory fluid is usually exuded by the 
inflamed synovium. In addition to pain and loss of mobility of joints, 
patients frequently develop systemic manifestations, namely anemia, 
subcutaneous nodules, pleurisy, pericarditis, interstitial lung disease, 
and manifestations of vasculitis such as nerve infarction, skin 
lesions, and inflanmiation of the ocular sclera. The course of RA is 
variable, but usually patients develop progressive loss of cartilage 
and bone around joints, with resulting diminished mobility. 

Although the cause of RA remains unknown, a number of its 
features are suggestive of an autoimmune etiology. The pathology 
of arthritic joints suggests a T cell-mediated chronic inflammatory 
reaction (195,196). Susceptibility to RA is significantly greater in 
individuals with the DR4 haplotype, owing to the QKRAA motif in 
the hypervariable region, thereby suggesting a role for autoantigen 
presentation (197). Most patients (more than 80%) develop RF 
(19), mostly produced in the marrow, but with significant produc- 
tion by the inflamed synovium (198). The presence of intrasynovial 
immune complexes, together with diminished levels of comple- 
ment components, implies an involvement of RF in some of the 
local pathology (199). In recent years, however, much interest has 
focused on the T cells and mononuclear phagocytes infiltrating the 
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FIG. 4. Photosensitive rash in a patient with SLE. Note the erythe- 
matous and scaly quality of the rash, which crosses the bridge of the 
nose and gives rise to a "butterfly" pattern. No skin rash was noted 
in areas of the sl<in usually covered by clothing. 



joint. T cells are probably polyclonal (187), although evidence for 
selective expansion of certain VP subsets exists and has led some 
investigators to propose a role for superantigens (200). Depletion 
ofT cells by thoracic duct drainage (201) or by immunosuppressive 
drugs, such as cyciosporine, has resulted in improvement, implying 
an important role for T cells in the inflammatory process (202). 
Much work on intrasynovial cytokines, however, has pointed 
toward mononuclear phagocytes as the prime driving force of the 
inflammatory process (203). 

The synovial fluid in RA contains primarily cytokines of 
mononuclear origin, namely, IL-1, IL-6, andTNF-a. IL-1 receptor 
antagonist can also be demonstrated in most fluids. In contrast, IL- 
2, IFN-y, and other T-cell cytokines are usually present in only 
small quantities, with the possible exception of IL-1 7. Efforts to 
treat RA with T cell-depleting monoclonal antibodies have yielded 
disappointing results (204). In contrast, administration of mono- 
clonal antibodies to TNF-a has resulted in marked reduction of 
mflammation (205). Modest improvement has also been reported 
for antibodies to IL-6 and with administration of IL-1 receptor 
antagonist. 

Efforts to define the underlying etiology of RA have met with 
fnistration. Numerous reports of isolation of viruses, mycoplas- 
mas, and other infectious agents have not been confirmed. Because 
«perimental anti-collagen immunity in rodents results in an RA 
ylke syndrome (206), it is possible that similar autoimmunity might 
be at work in RA. Although low levels of anti-collagen antibodies 



and reactive T cells have been reported in RA, there is little to sup- 
port the involvement of anti-collagen immunity in this disorder 
(207). 

The mechanism whereby joint inflanmiation results in cartilage 
and bone erosion in RA is incompletely understood (208). It seems 
unlikely that leakage into cartilage of neutrophil or mononuclear 
phagocyte-derived proteolytic enzymes is responsible. The diffu- 
sion through the cartilage matrix of cytokines, such as IL-1 and IL- 
6, probably stimulates breakdown of cartilage and bone through an 
action on chondrocytes and osteoclasts. The destruction of carti- 
lage and bone is functionally much more devastating than the joint 
inflammation. 



Reactive Arthritis and the Spondyarthritides 

An important group of rheumatic diseases is characterized by 
inflammation mostly of large joints, with a predilection for the 
sacroiliac joints in chronic cases, often associated with infection by 
certain organisms, or with psoriasis or inflammatory bowel disease 
(209). These illnesses share a tendency for inflammation to heal 
with brisk fibroblastic proliferation, together with the formation of 
new bone. They are unlike RA in that periarticular cartilage loss 
and osteopenia are uncharacteristic. A remarkable feamre of these 
illnesses is their association with the HLA-B27 class I MHC allele. 
For Reiter*s disease, a form of reactive arthritis that often includes 
genitourinary, oral mucosal, uveal tract, and skin inflammation, 
approximately 90% of afflicted individuals have the 827 haplo- 
type, compared with 7% of the normal population (210). Numer- 
ous outbreaks of Reiter's disease have been observed in HLA- 
B27-positive individuals following epidemic infections with 
diarrhea-causing bacteria (see below), as shown in Fig. 5, 

Whether autoimmunity is operative in the pathogenesis of these 
forms of chronic arthritis is unclear (211). Autoantibodies to IgG 
are absent, as are antinuclear antibodies, and other autoantibodies 
are not described. There is some evidence that infection with incit- 
ing organisms (which include Chlamydia, Yersinia. Salmonella, 
and Shigella) may elicit antibodies or cell-mediated immunity that 
is cross-reactive with self antigen, but the pathogenesis of these ill- 
nesses is quite unclear (212). The class I association has given rise 
to the speculation that CDS T cells are important in mediating self- 
reactivity, and this contention is supported by the occurrence of 
Reiter's disease, often severe, in HIV-infected individuals with 
severely depressed CD4 counts yet relative preservation of CDS"" T 
cells (213). 

Rats expressing a human HLA-B27 transgene in high copy num- 
ber develop arthritis, inflammatory bowel disease, and skin lesions 
(214). These are less severe in animals raised under germ-free con- 
ditions, implying a role for microbial flora. T cells are required for 
development of disease. Imposition of the KLA-B27 transgene in 
mice lacking class I MHC molecules also gives rise to a Reiter's- 
like arthritic and inflammatory syndrome (215). 



Systemic Vasculitis 

The susceptibility of the vascular system to injury from depo- 
sition within vessel walls of immune complexes or from intravas- 
cular cell-mediated lesions is the basis of a large group of disor- 
ders with multiple manifestations that depend on the severity of 
involvement and the nature of the affected blood vessel (216). 
Figure 6 shows typical involvement of a medium-sized artery. In 
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some cases, the mechanism is immune complexes formed in 
response to exogenous antigens, such as viruses (especially 
hepatitis B and C) or drugs (217), while in other instances, 
autoantibodies or antibodies to as yet uncharacterized environ- 
mental agents are responsible. 

Autoimmune vasculitis can be seen alone or together with SLE 
or other rheumatic diseases. Figure 7 demonstrates the deposition 
of C3 in the lumen of an inflamed small artery from an SLE 
patient with vasculitis. There is evidence for deposition of com- 
plexes of L»NA-anti-DNA and IgG RF-IgG, with subsequent 
mjury mvolving the complement system (218). On occasion, 
cimical disease correlates with cryoprecipitation of complexes iii 
serum cooled below body temperature. A special example of vas- 
culitis is that of mixed cryoglobulinemia (219), in which a mon- 
oclonal IgM (the product of a single aberrant B-cell clone) with 
autoantibody activity against IgG (i.e., RF activity) forms large 
circulating complexes that deposit in the walls of small and 
medium-sized arteries, causing ischemia and infarction of skin, 
nerves, and kidney. 

Vasculitis manifestations can range from skin lesions alone 
(small vessel vasculitis) to ischemia of vital organs such as kid- 
ney, heart, brain, and liver Attempts have been made to classify 
vasculitis based on known versus unknown etiology and 




FIG. 6. Systemic necrotizing arteritis. Shown is a section of a sub- 
segmental mesenteric artery of a 65-year-oId man with severe 
abdominal pain and a bowel infarction. Note the disruption of the 
internal elastic lamina of the vessel, the intramural thrombus, and 
the leukocytic infiltrate. The patient had an excellent response to cor- 
ticosteroids and cyclophosphamide. 



# 




FIG. 7. Vasculitis in a patient with SLE. Note the presence of com- 
plement demonstrated using antihuman C3 in the wall of this artery. 



rheumatic versus nonrheumatic. Figure 8 schematizes the type of 
involvement that results from inflammation of blood vessels of 
differing caliber. 

Wegener's granulomatosis is a rare form of vasculitis featuring 
the formation of granulomas around blood vessels, with typical 
severe involvement of lung and kidney (220). The presence of 
antiproteinase 3 (c-ANCA) in most patients with this disorder has 
led to the hypothesis that ANCA-induced neutrophil activation is 
central to a chain of events leading to T-cell activation and a cellu- 
lar immune response involving macrophage activation (221). 
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Sjogren's Syndrome 

This lymphoproliferative and autoimmune disorder occurs in a 
primary form, not associated with a rheumatic disease, and as a 
complication of RA, SLE, or scleroderma. Patients develop infil- 
tration of exocrine glands, mostly salivary and lacrimal glands, 
with activated polyclonal CD4* T cells, together with hypergam- 
maglobulinemia, autoantibodies, and, sometimes, vasculitis (222). 
Lymphocyte infiltration may extend beyond the exocrine glands to 
involve lungs, liver, and other viscera. Primary Sjogren's syndrome 
is associated with HLA-DR3 and with antibodies to Ro and La. 
There is an increased susceptibility to lymphoid malignancy, 
mostly B-cell lymphomas. An entity closely resembling Sjogren's 
syndrome has been described in HIV infection, with CDS- rather 
than CD4-bearing cells infiltrating exocrine glands (223). 

Chronic Graft- Versus-Host Disease 

In animals undergoing GVHD against class II determinants, a 
systemic autoimmune syndrome with SLE-like features produces 
antinuclear antibodies, inunune-complex renal disease, and 
immune cytopenias (224). Clinical manifestations vary according 
to background genes and according to the genetic barrier between 
strains: I-E differences generate higher levels of antinuclear anti- 
bodies, yet I-A differences result in more renal disease. In murine 
chronic GVHD, induced across an MHC class II barrier, T and B 
cells interact in a cognate, MHC-restricted fashion, implying a spe- 
cific form of T-cell help rather than the nonspecific effect on B 
cells of excessive cytokines (225). 

"Homologous disease" occurs in rats subjected to chronic GVHD. 
Extensive sclerotic visceral lesions that are very like scleroderma 
occur (226). In human recipients of bone marrow, a chronic GVHD 
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syndrome is a major clinical problem, leading to fibrosis, skin 
pathology, and autoantibodies. The syndrome occurs even in recipi- 
ents of autologous marrow, although in a milder form (227). 

Scleroderma (Systemic Sclerosis) 

This disease is marked by inflammation, followed by deposition 
in skin and viscera accompanied by certain antinuclear antibodies 
(228). Early lesions contain T-lymphocytes, and there is evidence 
of bias of the T-cell repertoire (229). Antibodies to topoisomerase I 
(Scl-70) correlate with visceral damage, and antibodies to cen- 
tromere antigens connote a more benign course (230). Scleroderma 
is characterized by marked vascular abnormalities, the most dra- 
matic of which is the episodic reduction in peripheral arterial per- 
fusion (often provoked by cold temperatures), known as Raynaud's 
phenomenon. Impairment of circulation can lead to pain, infec- 
tions, and ischemic amputation of the distal fingertips. Consider- 
able disability can result from this and from the loss of hand mobil- 
ity due to thickening of the overlying skin. 

Patients with the severe form of scleroderma, known as progres- 
sive systemic sclerosis, develop serious injury to the skin, kidney, 
lung, and gastrointestinal tract. Therapy is usually ineffective. 
Despite the clear-cut evidence of serologic autoinununity, the 
autoimmunity underlying the visceral and skin damage in the ill- 
ness is only presumed, and nothing is known of the basic mecha- 
nism. A strain of chickens develops an illness with marked sclero- 
derma-like features (231). 



expression of laboratory and clinical manifestations of disease is 
highly dependent on other, poorly understood background geno 
(233). Thus, MRL//pr mice, which are the best-smdied strain 
develop severe glomerulonephritis and vasculitis and have a 
markedly foreshortened life span, while C57BL6//pr (B6//pr) 
mice manifest a milder syndrome, widi nearly normal longe\itv 
The gld gene leads to essentially identical syndromes on similar 
backgrounds. 

The failure of the Fas/FasL system to delete autoreaciivc 
extrathymic T cells accounts for the accumulation of vast numbers of 
CD4-CD8- anergic T cells, the unusual phenotype of which appar- 
ently represents a secondary mechanism for downregulating func- 
tion, in the absence of deletion. The Fas mutation is also expressed 
in B cells, leading to a failure to delete autoantibody-forming cells 
but not to lymphoproliferation analogous to T cells (234). 

T cells are required for development of both lymphadenopaihy 
and autoantibodies. In Ipr mice with deletion of MHC class II 
genes (235), or those lacking CD4 molecules (236), autoantibodies 
fail to develop, yet lymphadenopathy occurs; conversely, the 
absence of CDS or P2-microglobulin (237) results in little change 
in autoantibody levels, but a marked decrease in lymphadenopaihy. 
These and other studies support the idea that the abnormal double- 
negative T cells of Ipr are descended primarily from CDS precur- 
sors, which lose their CDS as part of their evolution into anergic 
cells. The T cells that provide help for autoantibodies, on the other 
hand, are primarily CD4-bearing cells that recognize antigens (and 
presumably autoantigens) in the context of self class II MHC. 



COMMONLY USED ANIMAL MODELS OF 
SYSTEMIC AUTOIMMUNE DISEASE 

Several spontaneous murine models have been widely used to 
address SLE pathogenesis and treatment. 

Lpr and gld Mice 

The autosomal recessive lpr mutation of the Fas apoptosis gene 
causes progressive, spectacular lymphadenopathy (Fig. 9), multi- 
ple SLE-like autoantibodies, and hypergammaglobulinemia (232). 
As is also true for the other murine SLE models (vide infra). 




RG. 9. MBUIpr mouse (age 4 months). Note massive lymph node 
and spleen enlargement due to CD4-CD8- T-cell infiltration. (Cour- 
tesy of Robert Eisenberg, M.D.) 



NZB and NZB/NZW Fl Mice 

N2B mice develop autoimmune hemolytic anemia, antinuclear 
antibodies, and late-life lymphoreticular neoplasms (238). The Fl off- 
spring of this strain and near-normal NZW mice suffer from a much 
more fuhninant and SLE-like syndrome, leading to diffuse prolifera- 
tive glomerulonephritis, high-titer antinuclear antibodies, and early 
death (especially in females). NZBxSWR Fl mice are another well- 
studied model that develops renal disease, offering the additional 
advantage that the SWR parents are free of endogenous retroviruses 
and without apparent additional immunopathology (239). The genet- 
ics of SLE in NZB crosses are complex and are discussed elsewhere. 
The SLE-like disease is characterized by both B- and T-cell defects, 
notably B-cell hyperactivity, even in fetal life, and ajiequirement for 
T cells for development of autoantibodies and disease (240). 



BXSB Mice 

These animals develop an age-dependent SLE-like syndrome that 
is much more severe in males because of a Y-chromosome gene 
(Yaa) (241). Unlike the lpr mutation, which provokes at least some 
degree of autoimmune disease regardless of genetic background, Yaa 
results in acceleration of autoimmunity only when bred onto the 
genomes of autoinunime mice. High-titer antinuclear antibodies and 
immune-complex nephritis lead to early mortality in males. Chimera 
studies using B6-Yaa mice have shown that it is largely the T-lym- 
phocytes that are responsible for the autoinunune disease, as their 
elimination, but not the elimination of B cells, reduces disease in 
chimeras. It has been suggested that the basic defect in this strain 
involves enhanced T-B interaction, possibly through abnormal adher- 
ence. The presence of a ftmctional I-E molecule reduces serologic 



and clinical disease, possibly through presentation of peptide frag- 
ments of I-E by the I-A element (242). 

Induction of Systemic Lupus-like Syndrome in Mice 
through Injection of Pristane 

Pristane, a branched alkane, is widely used to produce peritoneal 
inflammation, which primes mice for subsequent hybridoma 
implantation. It was fortuitously observed that mice receiving pris- 
tane alone developed a progressive autoinrunune syndrome marked 
by development of SLE-like autoantibodies, including anti-Sm and 
other highly characteristic specificities (243). SLE-like glomerular 
changes are observed, together with deposition of inununoglobulin 
and complement. Serologic features of the syndrome are dependent 
on the genetic background of the mouse, with H-2 playing a promi- 
nent role. For instance, H-2* mice develop antiribosomal protein 
autoantibodies, while autoantibodies appear only in low titer in 
H-2b-expressing C57BL mice (244). 

Systemic Autoimmunity Induced by Idiotype 
Infusion 

A syndrome characterized by antinuclear antibodies, cytopenias, 
and immune-mediated renal disease occurs in mice given antibod- 
ies expressing the human 16/6 idiotype, which is found on certain 
human IgM monoclonal anti-DNA antibodies (245). Disease is 
preceded by antibodies to the 16/6 idiotype, and may represent pre- 
cipitation of a cascade of aberrant idiotype-antiidiotype network 
interactions involving T cells, as SLE manifestations can also be 
induced by T-cell lines from idiotype-immunized mice (246). 
These mice have also been reported to have anticardiolipin anti- 
bodies and abnormalities of hemostasis. 

The Viable Motheaten Mouse 

Research has shown that the lethal motheaten (me) and viable 
motheaten (me'O phenotypes, which result in a severe neonatal 
autoimmune syndrome with hypergammaglobulinemia and 
autoantibodies to DNA and erythrocytes, are due to a mutant tyro- 
sine kinase expressed in hematopoietic cells (247). Virtually all of 
the mouse B cells are of the B 1 subset, and death from an apparent 
autoimmune and inflammatory disease occurs by 3 weeks. The 
mechanism whereby the kinase deficiency results in autoreactivity 
is unclear, but it presumably reflects fundamental mechanisms con- 
trolling B-cell differentiation. 

Severe Autoimmune Disease in Knock-out and 
Transgenic Strains 

Mice homozygous for deletion of the transforming growth fac- 
tor-p (TGF-p) gene suffer a severe and fulminant autoimmune dis- 
order that is characterized by multiorgan inflammatory disease and 
death by 3 weeks. The disorder is mediated by T-lymphocytes and 
can be adoptively transferred to MHC-compatible normal mice 
(248). Apparently, the absence of the inrununosuppressive and anti- 
inflammatory effects of TGF-p permits unregulated spontaneous 
'nflammatory disease. A parallel situation occurs in mice without 
functional CTLA4. The absence of negative regulation of T cells, 
^hich is normally mediated by this molecule, also leads to a severe 
neonatal autoimmune and inflammatory disease (249). 
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Striking autoinunune disease, especially involving the intestinal 
tract, but with hematologic and other systemic manifestations as 
well, occurs in mice with deleted IL-2 (250), IL-4 (251), and TCR 
genes (252). To some extent, the inflammatory disease is depen- 
dent on the microbiologic environment of the mice as well as the 
background strain, and has been attributed to the consequences of 
cytokine imbalances. 

Mice transgenic for the bcl-2 oncogene expressed in B cells 
develop certain SLE-like autoantibodies (253). The combination of 
the bcl-2 apoptosis defect and the Ipr Fas mutation results in mice 
with even further lymphoid hyperplasia, but no further increase in 
autoantibodies, suggesting that the apoptosis impairment resulting 
from the Ipr mutation is maximal in terms of autoantibody produc- 
tion and cannot be further exacerbated (254). 

The Tight*skin Mouse 

The tsk mutation is a dominant mutation on chromosome 2, 
which is lethal in its homozygous form (255). The mice develop 
progressive skin tightening, together with pulmonary fibrosis and 
cardiomyopathy. Antibodies to topoisomerase I (256) and RNA 
polymerase I have been detected. Mice lacking CD4 cells fail to 
develop skin lesions, but develop visceral abnormalities; lack of 
CDS cells has little influence on disease (257). 

Models of Rheumatoid Arthritis 

Several rodent models of RA have been widely used (258). A 
chronic polyarthritis results from the injection of peptidoglycan- 
polysaccharide in rats, with extensive joint destruction (259). It is 
dependent on the genetic background of the rat (Lewis is the pro- 
totype susceptible strain; Buffalo is resistant), partly due to MHC 
genes, and requires T-lymphocytes. Considerable evidence sug- 
gests that the inflammatory disease is due to the persistence o^ac- 
terial debris. A relapsing form of the disease can be induced by 
intraarticular bacterial LPS in animals that have had an earlier 
injection of peptidoglycan-polysaccharide (260). 

A chronic inflammatory arthritis, also in general use, is induced 
by immunization with type II collagen in adjuvant (261). Collagen 
arthritis is mainly due to T-cell immunity to type II collagen, 
although antibody is also demonstrable and may provoke some of 
the injury. MHC influences and T-cell oligoclonality are important 
in this illness (262). A single injection of complete Freund*s adju- 
vant alone causes a chronic arthritis in rats but not in mice. It has 
been used as a way of evaluating antiinflanunatory drugs. 

One of the most interesting more recent models of RA is the 
inflanrunatory arthritis in mice transgenic for human T-cell 
leukemia virus type I (HTLV-I) tax (263). Such animals develop 
chronic erosive arthritis with synovial proliferation and pathologic 
changes resembling RA. They produce anticoUagen antibodies, RF, 
and anti-heat-shock proteins, and they also manifest T-cell immu- 
nity to collagen and heat-shock proteins. A Sjogren's-like autoim- 
mune exocrinopathy has also been reported in these animals (264). 
These findings are of special interest because himians with HTLV 
infection may also develop inflammatory arthritis, alone or in the 
presence of myelopathy (265). 

Mice transgenic for TNF-a also develop a spontaneous erosive 
arthritis, presumably due to the proinflammatory action of this 
cytokine (266). These studies support the proposed key role of 
TNF-a in RA. 
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IMMUNE INJURY IN SYSTEMIC AUTOIMMUNE 
DISEASE 

The classification scheme of Cell and Coombs is still a useful 
way of subdividing injury mechanisms in systemic autoimmunity. 
Type I injury, mediated by IgE, is not important in these disor- 
ders. By contrast, tissue damage initiated by binding of autoanti- 
body directly to target tissues is of importance, particularly in 
organ-specific autoinmiune disease, but, to a great extent, also in 
systemic autoimmune disease, in which antibodies to cell and 
basement membranes, fibronectin, collagen, and other fixed 
components of tissue may exist. Binding of antibody to self tis- 
sue leads to inflammation through a complex series of events 
involving the complement and coagulation pathways, leading to 
chemotaxis of neutrophils and monocytes and to their phagocyto- 
sis and release of local inflammatory mediators. Platelet aggre- 
gation, dilatation of vascular smooth muscle, and activation of 
mast cells are all part of the series of events triggered by autoan- 
tibody binding to tissue in type II injury; these topics are dis- 
cussed in detail elsewhere in this textbook. Examples of autoan- 
tibodies provoking these changes probably include anticollagen 
antibodies and antiglomerular basement antibodies. Figure 10 
depicts the pathologic changes in Goodpasture's syndrome, a dis- 
order that causes hemorrhagic lung and kidney lesions due to 
antibodies directed against the basement membrane proteins 
common to both organs. 

Type IJI injury, mediated by immune complexes, is believed to 
account for much of the pathology of systemic autoimmune dis- 
eases, particularly SLE and vasculitis. In NZB/NZW mice, block- 
ing of C5 using monoclonal antibody reduces nephritis and 
increases survival, supporting a role for classical pathway activa- 
tion in the immune-complex disease of this strain (267). The pro- 
tean nature of immune complexes, which can range from just a few 
molecules of antigen and antibody to huge complexes involving 
whole cells coated or cross-linked by antibody, accounts for the 
great variety of pathology encountered in type III injury. Much 
interest has focused on defining the offending antigens that are pre- 
sent in injurious immune complexes in SLE and related diseases, 
but with mixed success. SLE exacerbations are firequently preceded 



or accompanied by a fall in hemolytic complement, logcihcr wiih 
nse m levels of antibodies to native (double-stranded) DNa tScJ 
antibodies are concentrated in the glomeruli of patients' wiih SU 
renal disease (Fig. 11), consistent with the idea that DNA-am 
DNA complexes may deposit in SLE kidneys and provoke infbn!" 
mation (268). Although it seems likely that DNA-anti-DNA is 
important antibody system in SLE renal disease, it is ver)- likch' 
that other kinds of autoantibodies also contribute in imponam u-jn^ 
to glomerular injury (189). Antichromatin, for example, fonm 
inunune complexes that may localize on the glomerular basement 
membrane. Current studies focus on the charge, size, and antigenic 
characteristics of such antibodies in relation to their ability to bind 
and to injure glomeruli. 

Type IV injury is due to T-lymphocytes, macrophages, and per- 
haps other cells that infiltrate tissues, sometimes causing granulo- 
mas. Some systemic autoimmune diseases are dominated by type 
IV injury, for example, Wegener's granulomatosis; yet it is more 
conrunon for type IV mechanisms to coexist with types II and III. 
SLE, for example, is frequently accompanied by destructive and 
inflanmiatory skin lesions dominated by T-lymphocytes; similarlv. 
the destructive inflammatory muscle lesions of polymyositis occur 
together with antisynthetase antibodies and other serologic autoim- 
munity. There may be some contribution of cell-mediated immu- 
nity to SLE renal disease, but expression of MHC class 1 or class 
11 molecules is uimecessary for development of nephritis in 
MRL//pr mice (269). 

Autoantibodies may also exert damage through their effects on 
the coagulation system. The antiphospholipid syndrome is marked 
by arterial and venous thromboses, which may cause stroke, 
myocardial infarction, and thromboembolism. It is seen alone or as 
a feature of SLE and is due not to true antiphospholipid antibodies, 
but rather to antibodies to phospholipid-binding proteins, mainly 
p2-glycoprotein I (270). By an imperfectly understood mechanism, 
these antibodies enhance platelet aggregation and activation and 
promote thrombus formation while paradoxically prolonging the in 
vitro partial thromboplastin time, an indicator of coagulation. This 
in vitro phenomenon is termed the lupus anticoagulant and is pre- 
sent in a substantial minority of SLE patients as well as in many 
individuals with no other recognized illness. It is a major cause of 






FIG. 10. Type II immune-mediated Injury. Panel A: Linear deposition of IgG against antigens present on the glomeru- 
lar basement membrane of a patient with Goodpasture's syndrome Is illustrated using fluorescelnated antihuman 
IgG. Similar changes were seen In the lung. Panel B: Hemorrhagic changes are visible In the gross autopsy pathol- 
ogy specimen from this patient. (Courtesy of William J. Yount. M.D.) 
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FIG. 11. Type III (Immune-complex) injury in an SLE renal 
biopsy specimen. This patient had proteinuria and red 
blood cells in her urine. Note the granular (sometimes 
called lumpy-bumpy") distribution of the immune deposits 
in this section stained with antibody to human C3 



early spontaneous abortion and may be an important cause of 
thrombotic disease in the general population. 

Tissue damage may also be mediated through antibodies to neu- 
trophil cytoplasmic antigens (ANCAs). These IgG antibodies, ini- 
tially detected by immunofluorescence, have been divided by 
staining patterns into perinuclear (p-ANCA) and cytoplasmic (c- 
ANCA). p- ANCAs are directed against myeloperoxidase, while c- 
ANCAs are specific for proteinase 3 (221). These autoantibodies 
are useful markers for vasculitis, including Wegener's granulo- 
matosis, pauciimmune necrotizing and crescentic pauciimmune 
glomerulonephritis, and polyarteritis nodosa, and their titers corre- 
late with disease severity. The mechanism by which antibodies to 
these cytoplasmic antigens leads to blood vessel damage and 
inflammation is incompletely understood, but it may involve 
expression on activated neutrophils of proteinase 3 and myeloper- 
oxidase, and possibly release of free proteinase 3. Antibodies to 
these molecules may provoke enhanced neutrophil chemotaxis and 
adhesion, together with triggering of the respiratory burst. This 
may lead to a series of events culminating in activation of T cells 
and macrophages and the formation of necrotizing granulomas. 

APPROACHES TO THE TREATMENT OF 
SYSTEMIC AUTOIMMUNE DISEASE 

In general, the management of human systemic autoimmune dis- 
ease IS empirical and unsatisfactory. For the most part, broadly 
'mmunosuppressive drugs, such as corticosteroids, are used in a 
wide variety of severe autoimmune and inflammatory disorders* in 
milder conditions, antiinflammatory agents acting on eicosenoid 
metabolism are often sufficient. 

In addition to corticosteriods, other immunosuppressive agents 
3|re used in managemem of the systemic autoimmune diseases 
^>clophosphamide is an alkylating agent that causes profound 
repletion of both T- and B-lymphocytes and impairment of cell- 
meaiated immunity. It is used in SLE nephritis and is particularly 

eciive in granulomatous vasculitis and polyarteritis nodosa. Its 
incJ"^!!''' "^^^ immunosuppression, along with an 

"eased incidence of lymphoreticular malignancies. Azathioprine 



and the closely related 6-mercaptopurine are used in parallel situa- 
tions; these are somewhat less effective but are less toxic. 

Cyclosporine, tacrolimus, and mycophenolate mofetil are nat- 
ural products with specific properties of T-lymphocyte suppres- 
sion, and they have been used with success in SLE, RA, and, to a 
limited extent, in vasculitis and myositis. They have significant 
renal toxicity in addition to their immunosuppressive effects. 

Methotrexate is widely used as a "second-line" agent in RA, 
with the goal of reducing disease progression. It is also useful in 
polymyositis and other connective-tissue diseases. Its mechanism 
of action here is controversial and may relate to its action on adeno- 
sine receptors rather than to its more familiar role as an 
antimetabolite. 

There is optimism that more specific treatment for autoimmune 
disorders can be devised when their mechanisms become better 
understood. Oral tolerance holds promise as a means of attracting 
immunosuppressive T-lymphocytes to sites of active autoimmune 
pathology and suppressing inflammation by a bystander effect 
probably involving TGF-p (271). Other approaches under develop-' 
ment are monoclonal antibodies that are intended to block the action 
of cytokines or to deplete lymphocytes (204). With the exception of 
anti-TNF-a in RA (205), these have been disappointing. 

CONCLUSIONS 

The mechanisms of systemic autoimmune disease are diverse 
and incomnletely understood. Several points are worthy of empha- 
sis. The rtiles and restrictions governing ordinary immune 
responses seem to apply to autoimmune responses: there is little 
that is extraordinary about the immunoglobulin or TCR genes used 
or in their means of reanangement or diversification; antigen is 
required to initiate responses. Production of and response to 
cytokines and other mediators is similar to what is seen for 
responses to exogenous antigens, and T and B cells collaborate in 
an MHC-restricted fashion. The availability of transgenic and 
knock-out mice and continuing progress in the understanding of 
the genome seem likely to open novel and fruitful approaches to 
understanding disorders of systemic autoimmunity. 
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